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PROBLEM TO BE SOLVED: To provide a 
method by which a rare-earth magnet that has 
sufficiently excellent magnetic characteristics 
and, in addition, is sufficiently excellent in 
corrosion resistance can be manufactured, 
and to provide the rare-earth magnet. 
SOLUTION: The method of manufacturing the 
rare-earth magnet includes a noncrystallizing 
process of preparing a polycrystalline 
elemental magnet body 10 containing a rare- 
earth element and noncrystallizing the surface 
layer of the magnet body 1 0 
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* NOTICES * 

«7PO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The manufacture approach of a rare earth magnet equipped with an amorphous chemically-modified 
[ which prepares the magnet element assembly of polycrystal, including rare earth elements, and 
makes the surface of said magnet element assembly amorphous ] degree. 
[Claim 2] 

The manufacture approach of the rare earth magnet according to claim 1 which gives an impact to 
the surface of said magnet element assembly, and makes the surface of said magnet element 
assembly amorphous to an amorphous chemically-modified [ said ] degree. 
[Claim 3] 

The manufacture approach of a rare earth magnet according to claim 2 of making a particle group 
colliding with the surface of said magnet element assembly to an amorphous chemically-modified 
[ said ] degree. 
[Claim 4] 

A rare earth magnet given in any of claims 1 -3 which make amorphous the part from the front face 
of said magnet element assembly to a depth of 0.1-20 micrometers to an amorphous chemically- 
modified [ said ] degree they are. 
[Claim 5] 

The manufacture approach of a rare earth magnet given in any of claims 1-4 further equipped with 
the chemical conversion process which carries out chemical conversion of the surface of said layer 
made amorphous, and forms a passivation layer after an amorphous chemically-modified [ said ] 
degree they are. 
[Claim 6] 

The manufacture approach of a rare earth magnet according to claim 5 of contacting at least one of a 
nitric acid, a zinc phosphate water solution, the oxygen plasma, and ozone on the surface of said 
amorphous layer at said chemical conversion process. 
[Claim 7] 

Rare earth elements are included and it is the magnet element assembly of polycrystal, 
It has the amorphous layer formed on said magnet element assembly, 

Said amorphous layer is a rare earth magnet containing all the elements that constitute said magnet 
element assembly. 
[Claim 8] 

The presentation ratio of the element which constitutes said magnet element assembly in said magnet 
element assembly and said amorphous layer is the same rare earth magnet according to claim 7. 
[Claim 9] 

Rare earth elements are included and it is the magnet element assembly of polycrystal, 
It has the amorphous layer formed on said magnet element assembly, 

Said amorphous layer is a rare earth magnet which makes said magnet element assembly amorphous. 
[Claim 10] 

Said amorphous layer is a rare earth magnet given in any of claims 7-9 which have the thickness of 
0.1-20 micrometers they are. 
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[Claim 11] 

A rare earth magnet given in any 1 term of claims 7-10 further equipped with the passivation layer 
which carried out chemical conversion of said amorphous layer, and passivated it on said amorphous 
layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the manufacture approach of a rare earth magnet, and a rare earth magnet. 

[Background of the Invention] 

[0002] 

Conventionally, the rare earth magnet containing rare earth elements, such as Nd, is known as a 
permanent magnet in which a high energy product is shown. Since this kind of rare earth magnet 
contains the rare earth elements which oxidize comparatively easily as a principal component, that 
corrosion resistance is comparatively low. Therefore, it originated in this and technical problems, 
like that the engine performance as a magnet deteriorates at the time of manufacture and use or the 
manufactured magnetic dependability is comparatively low occurred. And the proposal which forms 
a protective layer in the front face of a magnet element assembly for the purpose of improving the 
corrosion resistance of such a rare earth magnet is made. 
[0003] 

For example, by the patent reference 1 , in the argon, the nitrogen, or the low- vacuum ambient 
atmosphere where oxygen tension is 10-6 - lTorr, scaling processing of 10 minutes - 10 hours is 
performed to a magnet element assembly with the heat treatment temperature of 200-1 100 degrees 
C, and the approach of using the surface of a magnet element assembly as the low-grade oxide film 
of the magnet element assembly ingredient as a protective layer is proposed. 
[0004] 

Moreover, the approach of forming the protective layer made of about 5 -2 5 -micrometer resin in the 

front face of a magnet element assembly is indicated by the patent reference 2. 

[Patent reference 1] JP,2002-57052,A 

[Patent reference 2] JP,60-63901,A 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0005] 

However, when this invention persons inquired in the detail, it became clear that there were the 
following technical problems in the rare earth magnet which has the conventional protective layer. 
[0006] 

Namely, since a magnet element assembly is put to an elevated temperature at the time of 
manufacture, as for the rare earth magnet which used the surface of a magnet element assembly 
ingredient as the oxide film as a protective layer by heat treatment, magnetic properties, such as 
magnetic flux in a magnet element assembly, deteriorate in many cases. 
[0007] 

On the other hand, between a magnet element assembly and a protective layer, since the difference 
of physical properties, such as coefficient of thermal expansion, is large, the rare earth magnet in 
which protective layers, such as resin, were formed on the front face of a magnet element assembly 
does not have the enough adhesion of a protective layer and a magnet element assembly, a crack 
arises in a protective layer or a protective layer becomes easy to separate. For this reason, corrosion 
resistance becomes inadequate in many cases. 

* 
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[0008] 

It aims at offering the manufacture approach of a rare earth magnet and rare earth magnet in which 
this invention is made in view of the above-mentioned situation, and have the magnetic properties 
which were fully excellent, and corrosion resistance was fully excellent. 
[Means for Solving the Problem] 
[0009] 

The manufacture approach of the rare earth magnet concerning this invention prepares the magnet 
element assembly of polycrystal, including rare earth elements, and is equipped with an amorphous 
chemically-modified [ which makes the surface of this magnet element assembly amorphous ] 
degree. 
[0010] 

Here, the solid-state structure where polycrystal comes to gather in many single crystal grains which 
the atom arranged regularly is said, and, as for an amorphous substance, an atom says the solid-state 
structure arranged irregularly. 
[0011] 

Generally, a rare earth magnet takes the polycrystal structure which contains at least the crystalline 
main phase containing rare earth elements, and the grain boundary phase containing the rare earth 
elements by which it is placed between the main interphases. And since many lattice defects are 
included in a grain boundary phase, it is very easy to diffuse corrosion components, such as oxygen, 
to this grain boundary phase. Moreover, rare earth elements are elements which tend to be originally 
corroded by corrosion components, such as oxygen. Therefore, if the part of polycrystal is exposed 
to the surface of a rare earth magnet, corrosion will progress along with this grain boundary phase, 
and the crystal grain of the main phase will be omitted. 
[0012] 

However, according to this invention, the rare earth magnet which allotted the wrap amorphous layer 
is formed in this magnet element assembly on the magnet element assembly of polycrystal by 
making amorphous the surface of the magnet element assembly of such polycrystal. There is almost 
no regular array structure of an atom like polycrystal in this amorphous layer, and the atom has 
arranged irregularly. Therefore, the part which the corrosion matter tends to diffuse alternatively like 
the grain boundary phase in polycrystal cannot exist in an amorphous layer easily, and it is hard to 
diffuse corrosion components, such as oxygen, in this amorphous layer. Thereby, this amorphous 
layer functions as a protective layer which protects the magnet element assembly of polycrystal from 
corrosion components, such as oxygen. 
[0013] 

Furthermore, in order that this amorphous layer may make a magnet element assembly amorphous, 
as for a magnet element assembly and an amorphous layer, physical properties, such as coefficient of 
thermal expansion, will become mutual very near. Therefore, the adhesion of an amorphous layer 
and a magnet element assembly becomes good, a crack occurs in an amorphous layer or an 
amorphous layer stops being able to separate from a magnet element assembly easily. By this, a rare 
earth magnet will demonstrate sufficient corrosion resistance. Moreover, since generating or peeling 
of the crack of an amorphous layer cannot take place easily, generating of contamination 
components, such as particle from a rare earth magnet, decreases extremely, and is desirable. 
[0014] 

In addition, since amorphous-ization of such a magnet element assembly can be performed giving an 
impact to the surface of a magnet element assembly, by irradiating an atomic beam, a molecule 
beam, an ion beam, an electron ray, etc. at the surface of a magnet element assembly, etc., it is not 
necessary to expose a magnet element assembly to an elevated temperature. Therefore, magnetic 
properties, such as magnetic flux of a magnet element assembly, hardly deteriorate at the time of 
manufacture, but the magnetic properties which were fully excellent can be demonstrated 
[0015] 

Here, to an amorphous chemically-modified degree, it is desirable to give an impact to the surface of 
a magnet element assembly and to make the surface of a magnet element assembly amorphous 
[0016] 

According to this,-izing of the surface of a magnet element assembly can be carried out 
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[ amorphous ] easily. Moreover, a precise amorphous layer can be formed as compared with 
irradiating an atomic beam, a molecule beam, an ion beam, an electron ray, etc., and making them 
amorphous, and the corrosion of the amorphous layer itself can fully be controlled. 
[0017] 

By getting a mechanical impact, for example as a reason which a magnet element assembly makes 
amorphous by giving an impact here, compressive stress and shearing stress join the surface of a 
magnet element assembly, plastic deformation happens, and atomic regular structure is confused and 
is considered to make it amorphous by this. 
[0018] 

Here, more specifically, it is desirable to give an impact to the surface of a magnet element assembly 
using the so-called blasting or the approach called shot peening of making a particle group collide 
with the surface of a magnet element assembly. 
[0019] 

According to this, it is easy to repeat and give a moderate impact to the surface of a magnet element 
assembly. If a spherical particle group is used especially, since an impact can be given frilly 
controlling wear of the surface of a magnet element assembly etc., amorphous-ization can be 
performed very efficiently. 
[0020] 

As an ingredient of a particle, the ceramic ingredient of Si02, SiC, and aluminum203 grade is 
mentioned, for example. Moreover, metallic materials, such as the Steel shot, can also be used as an 
ingredient of a particle. 
[0021] 

Moreover, to an amorphous chemically-modified degree, when the part from the front face of a 
magnet element assembly to a depth of 0.1-20 micrometers is made amorphous, it is desirable. Even 
if the depth from a front face makes only a less than 0.2-micrometer part amorphous, there is an 
inclination which corrosion resistance stops being able to demonstrate sufficiently easily. Even if it 
makes amorphous even the part of the depth of 20-micrometer ** from a front face, corrosion 
resistance does not improve any more, but the cost which amorphous-ization takes becomes high and 
it becomes on the other hand, less efficient [ tend ]. 
[0022] 

By the way, although the magnet element assembly of a rare earth magnet can fully be protected by 
the amorphous layer which carried out in this way and was formed, depending on the presentation of 
an amorphous layer, the amorphous layer itself may corrode a little. 
[0023] 

Then, it is desirable to have further the chemical conversion process which carries out chemical 
conversion of the surface of an amorphous layer, and forms a passivation layer after an amorphous 
chemically-modified degree. 
[0024] 

In this case, by the passivation layer, the corrosion of the amorphous layer itself is also reduced 
further and the further corrosion resistance improvement in a rare earth magnet of it is attained. 
[0025] 

Specifically as chemical conversion, contacting at least one of a nitric acid, a zinc phosphate water 
solution, the oxygen plasma, and ozone on the surface of an amorphous layer is mentioned. 
[0026] 

The rare earth magnet of this invention is equipped with a wrap amorphous layer for the front face of 
the magnet element assembly of polycrystal, and this magnet element assembly, including rare earth 
elements, and an amorphous layer contains all the elements that constitute a magnet element 
assembly. 
[0027] 

According to this invention, a grain boundary phase hardly exists in an amorphous layer, but this 
amorphous layer functions as a protective layer which protects a magnet element assembly from 
corrosion components, such as oxygen, as mentioned above. Moreover, this amorphous layer 
contains all the configuration elements of a magnet element assembly. Therefore, the physical 
properties of a magnet element assembly and an amorphous layer will become near mutually, the 
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adhesion of an amorphous layer and a magnet element assembly becomes good, and sufficient 

corrosion resistance is demonstrated. 

[0028] 

Moreover, the rare earth magnet of such a configuration can be manufactured easily, without 
exposing a magnet element assembly to an elevated temperature by the above-mentioned 
manufacture approach. Therefore, the rare earth magnet of magnetic properties high enough is 
realizable. 
[0029] 

Here, in a magnet element assembly and an amorphous layer, the same thing of the presentation ratio 
of the element which constitutes a magnet element assembly is desirable. In this case, since the 
physical properties of an amorphous layer and a magnet element assembly become nearer, the 
adhesion of a magnet element assembly and an amorphous layer can be improved more. Here, such 
an amorphous layer can be formed by giving an impact to the surface of a magnet element assembly, 
for example. 

[0030] 

If the rare earth magnet concerning this invention is expressed from another viewpoint, the rare earth 
magnet concerning this invention will be equipped with the amorphous layer formed on the magnet 
element assembly of polycrystal, and the magnet element assembly, including rare earth elements, 
and an amorphous layer will make this magnet element assembly amorphous. 
[0031] 

Such a rare earth magnet does so the same operation effectiveness as an above-mentioned rare earth 

magnet. 

[0032] 

As for an amorphous layer, also in which an above-mentioned rare earth magnet, it is desirable to 
have the thickness of 0.1-20 micrometers. When the thickness of an amorphous layer is thinner than 
0.1 micrometers, there is an inclination sufficiently to be hard coming to demonstrate corrosion 
resistance. Even if it forms an amorphous layer thicker than 20 micrometers, corrosion resistance 
does not improve any more, but the cost which formation of an amorphous layer takes becomes high, 
and it becomes on the other hand, less efficient [ tend ]. 
[0033] 

It is desirable to have further the passivation layer which comes to carry out chemical conversion of 
this amorphous layer on an amorphous layer here. In this case, by the passivation layer, the corrosion 
of the amorphous layer itself is also reduced further and the further corrosion resistance 
improvement in a rare earth magnet of it is attained. 
[0034] 

As a magnet element assembly in such a rare earth magnet, rare earth elements, iron, and the magnet 
element assembly containing boron can be used, for example. This magnet element assembly can 
obtain the rare earth magnet which has high magnetic properties and has high corrosion resistance by 
using this kind of magnet element assembly for the rare earth magnet concerning this invention, 
although magnetic properties are known for a very high thing. 
[Effect of the Invention] 
[0035] 

According to this invention, the manufacture approach of a rare earth magnet and rare earth magnet 
which have the magnetic properties and corrosion resistance which were fully excellent can be 
offered. 

[Best Mode of Carrying Out the Invention] 
[0036] 

Hereafter, referring to a drawing if needed, about the suitable operation gestalt of this invention, 
especially physical relationship, such as explanation **** and four directions, shall be based on the 
physical relationship shown in a drawing at a detail, unless it refuses. Furthermore, the dimension 
ratio of a drawing is not restricted to the ratio of illustration. 
[0037] 

(The first operation gestalt) 

The manufacture approach of a rare earth magnet 1 00 and rare earth magnet 1 00 which are first 
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applied to the first operation gestalt of this invention are explained. 
[0038] 

(Preparation of a magnet element assembly) 

First, as shown in drawing 1 (a), the magnet element assembly 10 of polycrystal is prepared, 

including rare earth elements. 

[0039] 

The magnet element assembly 1 0 is a magnet containing rare earth elements R, iron (Fe), and boron 
(B). Rare earth elements R show one or more sorts of rare earth elements, and show one or more 
sorts of elements chosen from the group which specifically consists of the scandium (Sc), yttrium 
(Y), and lanthanoids belonging to three groups of the long period mold periodic table. Here, a 
lanthanoids points out a lanthanum (La), a cerium (Ce), a praseodymium (Pr), neodymium (Nd), 
samarium (Sm), a europium (Eu), a gadolinium (Gd), a terbium (Tb), a dysprosium (Dy), a holmium 
(Ho), an erbium (Er), a thulium (Tm), an ytterbium (Yb), and a lutetium (Lu). 
[0040] 

When one or more sorts of elements are included among Nd, Pr, Ho, and Tb as rare earth elements R 
among what was mentioned above, it is desirable, and it is still more desirable although one or more 
sorts of elements are included among La, Sm, Ce, Gd, Er, Eu, Tm, Yb, and Y. 
[0041] 

The content rate of the rare earth elements R in the magnet element assembly 10 is desirable in it 
being eight to 40 atom % to the amount of all the atoms that constitute the magnet element assembly 
10. Under by 8 atom %, since the crystal structure serves as a cubic organization of the same 
structure as alpha-iron, the content rate of rare earth elements R is in the inclination for the rare earth 
magnet 100 which has high coercive force (iHc) not to be obtained, moreover - if the content rate of 
rare earth elements R exceeds 40 atom % - R ~ a rich nonmagnetic phase increases and it is in the 
inclination for the residual magnetic flux density (Br) of a rare earth magnet 100 to fall. 
[0042] 

The content rate of Fe in the magnet element assembly 10 is desirable in it being 42 to 90 atom % to 
the amount of all the atoms that constitute the magnet element assembly 10. It is in the inclination 
for Br of a rare earth magnet 100 to fall that the content rate of Fe is under 42 atom %, and when 90 
atom % is exceeded, it is in the inclination for iHc of a rare earth magnet 100 to fall. 
[0043] 

The content rate of B in the magnet element assembly 10 is desirable in it being two to 28 atom % to 
the amount of all the atoms that constitute the magnet element assembly 10. since the crystal 
structure becomes that the content rate of B is under 2 atom % with a rhombohedron organization, if 
it is in the inclination which becomes inadequate [ iHc of a rare earth magnet 100 ] and 28 atom % is 
exceeded — B - since a rich nonmagnetic phase increases, it is in the inclination for Br of a rare 
earth magnet 100 to fall. 
[0044] 

Moreover, cobalt (Co) may permute a part of Fe, and the magnet element assembly 10 may be 
constituted. It is in the inclination for the temperature characteristic to be improvable, by making it 
such a configuration, without spoiling the magnetic properties of a rare earth magnet 100. In this 
case, the content rate of Fe and Co after a permutation is desirable in Co/(Fe+Co) being 0.5 or less 
on atomic criteria. When there are more amounts of permutations of Co than this, it is in the 
inclination for the magnetic properties of a rare earth magnet 1 00 to fall. 
[0045] 

Furthermore, one or more sorts of elements chosen from the group which consists of (Carbon C) 
Lynn (P), sulfur (S), and copper (Cu) may permute a part of B, and the magnet element assembly 10 
may be constituted. By making it this configuration, the productivity of a rare earth magnet 100 
improves and it is in the inclination which can reduce the production cost. In this case, the content of 
these [ C, P, and S ] and/, or Cu is desirable in it being below 4 atom % to the amount of all the 
atoms that constitute the magnet element assembly 10. When there are more contents of C, P, S and/, 
or Cu than 4 atom %, it is in the inclination for the magnetic properties of a rare earth magnet 100 to 
deteriorate. 
[0046] 
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moreover, from a viewpoint of improvement in the coercive force of a rare earth magnet 1 00, the 
improvement in productivity, and low-cost-izing Aluminum (aluminum), titanium (Ti), vanadium 
(V), chromium (Cr), Manganese (Mn), a bismuth (Bi), niobium (Nb), a tantalum (Ta), Molybdenum 
(Mo), a tungsten (W), antimony (Sb), germanium (germanium), One or more sorts of elements of tin 
(Sn), a zirconium (Zr), nickel (nickel), silicon (Si), a gallium (Ga), copper (Cu), the hafiiiums (Hf), 
etc. may be added, and the magnet element assembly 10 may be constituted. In this case, when the' 
addition of the above-mentioned element is made below into 1 0 atom % to the amount of all the 
atoms that constitute the magnet element assembly 10, it is desirable. When the addition of these 
elements exceeds 10 atom %, it is in the inclination for the magnetic properties of a rare earth 
magnet 1 00 to fall. 
[0047] 

In the magnet element assembly 10, oxygen (O), nitrogen (N), carbon (C), calcium (calcium), etc. 
may contain by within the limits below 3 atom % as an unescapable impurity to the amount of all the 
atoms that constitute the magnet element assembly 1 0. 
[0048] 

The enlarged drawing of lb part of the magnet element assembly 10 is shown in drawing 1 (b). The 
magnet element assembly 10 contains the main crystal phase 50 which has the crystal structure of 
tetragonal system substantially, the grain boundary phase 70 which intervenes among these main 
crystal phases 50, and contains many rare earth elements, and the crystalline boron rich crystal phase 
60 containing comparatively many boron formed in the grain boundary phase 70, and takes the 
structure of polycrystal. The particle size of the main crystal phase 50 which is a magnetic phase is 
desirable in it being about 1-100 micrometers. The boron rich crystal phase 60 and the grain 
boundary phase 70 are nonmagnetic phases. 0.5 volume %-50 volume % extent content of the these 
boron rich crystal phase 60 and the grain boundary phase 70 is usually carried out into the magnet 
element assembly 10. And the structure of such polycrystal is exposed to 10s of front faces of the 
magnet element assembly 10. 
[0049] 

Such a magnet element assembly 10 can be manufactured with a sintering process which is described 
below. First, the constituent of the request containing the element mentioned above is cast, and an 
ingot is obtained. Then, coarse grinding of the obtained ingot is carried out to the particle size of 
about 10-100 micrometers using a stamp mill etc., subsequently, it pulverizes in particle size of 
about 0.5-5 micrometers using a ball mill etc., and powder is obtained. 
[0050] 

Next, the obtained powder is preferably fabricated all over a magnetic field, and a Plastic solid is 
acquired. In this case, the magnetic field strength in a magnetic field is desirable in their being 10 or 
more kOes, and compacting pressure is desirable in it being about two 1-5 t/cm 
[0051] 

Then, at 1000-1200 degrees C, the acquired Plastic solid is sintered for about 0.5 to 5 hours, and is 
quenched. In addition, a sintered atmosphere is desirable in their being inert gas ambient 
atmospheres, such as Ar gas. And the magnet element assembly 1 0 as shown in drawing 1 (a) is 
preferably obtained in an inert gas ambient atmosphere by performing heat treatment (aging 
treatment) at 500-900 degrees C for 1 to 5 hours. 
[0052] 

(Amorphous-izing) 

Then, the surface of the magnet element assembly 10 is made amorphous, and the amorphous layer 

20 shown in drawing 2 and drawing 3 is formed. 

[0053] 

Here, an amorphous substance is the structure where the atom has arranged irregularly and does not 
have, specific crystal structure, i.e., periodic array structure. It can judge easily whether the surface 
of a rare earth magnet 100 is amorphous, or it is polycrystal by whether electron diffraction and an 
X-ray diffraction method are performed, and the peak originating in a crystal lattice is observed 
intentionally. If amorphous, the peak originating in a crystal will not be observed. Moreover, it can 
judge by TEM observation etc. whether it is amorphous or it is nolvcrvstal 
[0054] 
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Specifically, the amorphous layer 20 can be formed by giving an impact to the surface of the magnet 
element assembly 10. As shown in drawing 2 , by projecting the particle group 80 and making it 
collide to the surface of the magnet element assembly 10, the surface of the magnet element 
assembly 10 is made amorphous, it considers as the amorphous layer 20 and, more specifically, 
things can be carried out. When the so-called shot-peening method for projecting the spherical 
particle group 80 to the surface of the magnet element assembly 10 especially is adopted, wear of the 
surface in the case of amorphous-izing etc. does few and is desirable. In addition, even if it projects 
the abrasive grain which is a non-ball-like particle, surface amorphous-izing is possible. 
[0055] 

As the quality of the material of the particle of the particle group 80, metals, such as a ceramic of 

Si02, SiC, and aluminum203 grade and iron, are mentioned. 

[0056] 

The well-known blasting machine 71 as shown in drawing 2 can perform projection of such a 

particle group 80 easily. 

[0057] 

This blasting machine 71 is equipped with the introductory pipe 76 of outlet 74b of the projection 
nozzle 74 introduced a little into a near side for the particle group 80 discharged from the lower limit 
of the projection nozzle 74, the pump 73 which supplies air to inlet-port 74a of this projection nozzle 
74, the hopper 720 which stores the particle group 80, and a hopper 72. 
[0058] 

Outlet 74b of the projection nozzle 74 is turned to the front face of the magnet element assembly 10, 
and if gas is supplied from a pump 73, the particle group 80 will be pulled out from a hopper 72 
through the introductory pipe 76, and it will be projected on it toward the magnet element assembly 
10 from outlet 74b of the projection nozzle 74. The particle group 80 on which it was projected hits 
the front face of the magnet element assembly 10. 
[0059] 

Thus, although especially the temperature of the magnet element assembly 10 at the time of forming 
the amorphous layer 20 is not limited, its temperature at the time of membrane formation is desirable 
in it being extent which does not degrade the magnetic properties of the magnet element assembly 
10. It is more desirable when it is desirable when temperature is maintained at 500 degrees C or less, 
and it maintains at 300 degrees C or less from such a viewpoint. 
[0060] 

Thus, if an impact is given to the surface of the magnet element assembly 10 many times, according 
to this, very small plastic deformation will happen repeatedly in a surface. Therefore, according to 
the shear and compression operation in this case, atomic regular structure is confused and is 
considered that the amorphous layer 20 which makes amorphous and is shown in drawing 2 and 
drawing 3 forms. And when it is made amorphous by giving an impact, the comparatively precise 
amorphous layer 20 is formed and corrosion resistance will become still higher. 
[0061] 

And the rare earth magnet 100 as shown in drawing 4 (a) and drawing 4 (b) is obtained here by 
projecting the particle group 80 on all the surfaces of the magnet element assembly 10 so uniformly. 
[0062] 

Thus, the rare earth magnet 100 concerning this manufactured operation gestalt is equipped with the 
wrap amorphous layer 20 for the whole front face of the magnet element assembly 10 and this 
magnet element assembly 10. 
[0063] 

Here, in the rare earth magnet 100 of this operation gestalt, when thickness of the amorphous layer 
20 is set to 0. 1 -20 micrometers from the viewpoint of improvement in corrosion resistance, and a 
viewpoint of reservation of sufficient magnetic properties, it is desirable, and further when [ from 
viewpoints such as a production cost, ] 0.3-10 micrometers, it is more desirable. 
[0064] 

Moreover, with the above-mentioned operation gestalt, you may have the field where polycrystal and 
an amorphous substance are intermingled in the boundary of the magnet element assembly 10 and 
the amorphous layer 20. 
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[0065] 

According to this operation gestalt, the amorphous layer 20 is formed on the magnet element 
assembly 10. There is almost no atomic regular structure in the amorphous layer 20 of amorphous 
structure, and it is unordered structure. Therefore, the part (refer to drawing 3 ) which corrosion 
matter like the grain boundary phase 70 which intervenes between the main crystal phases 50 in the 
polycrystal structure of the magnet element assembly 10 tends to diffuse alternatively hardly exists 
in the amorphous layer 20. Therefore, it is hard to diffuse corrosion components, such as oxygen, 
inside the amorphous layer 20, and they fully function as a protective layer which protects the 
magnet element assembly 10 from corrosion components, such as oxygen. 
[0066] 

Moreover, with this operation gestalt, since the surface of the magnet element assembly 10 is made 
amorphous and it is considering as the amorphous layer 20, this amorphous layer 20 contains all of 
the element R which constitutes the magnet element assembly 1 0, for example, rare earth elements, 
iron, and boron. Physical properties, such as coefficient of thermal expansion of the magnet element 
assembly 10 and the amorphous layer 20, become near by this. Therefore, the adhesion of the 
amorphous layer 20 and the magnet element assembly 10 becomes good, and it is fully controlled 
that a crack occurs in the amorphous layer 20, or the amorphous layer 20 separates from the magnet 
element assembly 10 in it etc. 
[0067] 

Moreover, since the surface of the magnet element assembly 10 is made amorphous by the collision 
of the particle group 80, a different element from the element which constitutes the magnet element 
assembly 10 hardly mixes to the amorphous layer 20. That is, in the magnet element assembly 10 
and the amorphous layer 20, the presentation ratio of elements, such as the rare earth elements R 
which constitute the magnet element assembly 1 0, iron, and boron, becomes almost the same. Since 
the physical properties of the magnet element assembly 10 and the amorphous layer 20 will become 
very near if it becomes like this, it becomes [ such adhesion ] still higher and is desirable 
[0068] 

Moreover, when it does in this way and an amorphous layer stops being able to separate easily, 
generating of contamination components, such as particle from a rare earth magnet, decreases ' 
extremely, and is desirable. 
[0069] 

Here, detection and the quantum of the magnet element assembly 10 or the configuration element in 
the amorphous layer 20 can be checked using well-known presentation analysis methods, such as 
EPMA (X-ray microanalyser method), XPS (X-ray photoelectron spectroscopy) and AES (Auger 
electron spectroscopy), or EDS (energy dispersion mold X-ray fluorescent spectroscopy). 
Furthermore, presentation distribution of the component of above-mentioned each class can be 
grasped by analyzing the cross section which appears by cutting each class in the rare earth magnet 
100 exposed using well-known technique, such as etching, or a rare earth magnet 100 using the 
above-mentioned presentation analysis method. 
[0070] 

Furthermore, with this operation gestalt, on the occasion of formation of the amorphous layer 20, 
since it is not necessary to heat the magnet element assembly 10, the magnet element assembly 10 
cannot be put to an elevated temperature, but it can control that the magnetic properties of the 
magnet element assembly 10 deteriorate, and the high rare earth magnet 100 of magnetic properties 
can be offered. 
[0071] 

Such a rare earth magnet can be suitably used as the disk drive for the starter for a line printer and 
automobiles and a motor, a special motor, a servo motor, and magnetic recording media, a linear 
actuator, a voice coil motor, the motor for equipments, an industrial use motor, a loudspeaker, and a 
magnet for a nuclear-magnetic-resonance diagnosis. 
[0072] 

(The second operation gestalt) 

Next, the manufacture approach of the rare earth magnet of the second operation gestalt and rare 
earth magnet 200 concerning this invention are explained, referring to drawing 5 . 
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[0073] 

The point that the manufacture approach of the rare earth magnet concerning a **** 2 operation 
gestalt and a rare earth magnet 200 differ from the manufacture approach of the first operation 
gestalt and a rare earth magnet 100 is a point in which the passivation layer 30 was formed on the 
amorphous layer 20, by carrying out chemical conversion of the surface of the amorphous layer 20 
further. 
[0074] 

Here, chemical conversion is processing used as the passivation layer 30 whose corrosion resistance 
did the chemical operation to the surface of the amorphous layer 20, and improved rather than the 
original amorphous layer 20, and it differs from carrying out the laminating of other layers on the 
amorphous layer 20. 
[0075] 

As the chemical conversion approach, making a nitric acid, the oxygen plasma, and ozone contact, 
and making the precise oxide film as passivation film form is mentioned, for example to the surface 
of the amorphous layer 20. Moreover, contacting a phosphoric-acid zinc water solution and making 
the precise phosphate coat as passivation film form to the surface of the amorphous layer 20 is 
mentioned. Moreover, it can replace with a phosphoric-acid zinc water solution, and a passivation 
layer can be formed also by the chemical conversion using zirconium system processing liquid, 
manganese system processing liquid, molybdenum system processing liquid, etc. 
[0076] 

The operation effectiveness by such passivation layer 30 is explained. Although it has corrosion 
resistance with the amorphous layer 20 sufficient also with the rare earth magnet 100 exposed to 
direct atmospheric air like the first operation gestalt, and there is amorphous layer 20 the very thing 
then gradually depending on the class of magnet element assembly 10 of a rare earth magnet 100, 
i.e., the constituent of the magnet element assembly 10, for example, the class and concentration of 
rare earth elements, it may corrode a little. And since the passivation layer 30 in this operation 
gestalt controls the corrosion of the amorphous layer 20, it raises the corrosion resistance of a rare 
earth magnet 200 further, and raises dependability further. 
[0077] 

Since adhesion with the amorphous layer 20 cannot exfoliate easily highly, corrosion resistance is 
fully maintained and, especially as for the passivation layer 30 which was formed of chemical 
conversion unlike carrying out the laminating (coating) of other layers, a life becomes long. 
[0078] 

In the rare earth magnet 200 of this operation gestalt, the thickness of the passivation layer 30 is 
desirable in it being 0.1-20 micrometers from a viewpoint of improvement in corrosion resistance, 
and more desirable in the thickness of the passivation layer 30 being 1-5 micrometers from 
viewpoints, such as a production cost, further. 
[0079] 

Moreover, it is desirable in the thickness of viewpoints, such as reservation of sufficient magnetic 
properties, to the amorphous layer 20 being 0.1-20 micrometers, and more desirable in the thickness 
of the amorphous layer 20 being 0.3-10 micrometers from viewpoints, such as a production cost, 
further. 
[0080] 

As mentioned above, although the suitable operation gestalt of the rare earth magnet of this invention 
was explained, this invention is not limited to the above-mentioned operation gestalt. For example, 
the configuration of a manufacturing-with this operation gestalt rare earth magnet is not limited to a 
rectangular parallelepiped which was illustrated, but may have the configuration according to an 
application. Concretely, when used for the drive part or the motor for automobiles of a hard disk 
drive unit, you may be the pilaster which has the cross section of a circular intercept. Moreover, 
when used for an industrial use processing machine, you may be the shape of a ring, and a disc-like 
configuration. 
[0081] 

Moreover, the component of the magnet element assembly 10 is not restricted to the system 
containing rare earth elements R, iron, and boron, either, but the system containing one or more sorts 
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of rare earth elements and Co(es) or the system containing one or more sorts of rare earth elements, 
Fe(s), and nitrogen (N) is mentioned. The system which specifically contains Nd(s), such as a system 
containing Sm and Co(es), such as Sm-Co5 system or Sm2-Col7 system (a figure expresses an 
atomic ratio.), or a Nd-Fe-B system, and Fe and B is mentioned. 
[0082] 

Moreover, with the above-mentioned operation gestalt, although the amorphous layer 20 is formed 
all over the magnet element assembly 1 0, the amorphous layer 20 may be formed only in the part of 
a request of the front face of the magnet element assembly 10 if needed. Similarly, with the second 
operation gestalt, although the amorphous layer 20 is formed all over the magnet element assembly 
10 and the passivation layer 30 is formed all over that amorphous layer 20, the part of a request of 
the front face of the magnet element assembly 10 may be covered with the amorphous layer 20, and 
a passivation layer may be further formed in the whole surface of this amorphous layer 20, or a 
desired part. 
[0083] 

Moreover, although an impact is given to the surface of the magnet element assembly 10 by the 
particle group 80 with the above-mentioned operation gestalt, the surface of the magnet element 
assembly 10 may be hit not with the particle group 80 but with a hammer etc. Moreover, the magnet 
element assembly 10 is put in with media, such as a particle, into a barrel, a barrel is rotated and the 
surface of the magnet element assembly 10 can be made amorphous also by giving an impact to the 
surface of the magnet element assembly 10 by the medium etc. moreover, instead of giving an 
impact to the surface of the magnet element assembly 1 0 — the surface of the magnet element 
assembly 10 — an atomic beam, a molecule beam, an ion beam, an electron ray, etc. -- irradiating ~ 
etc. ~ you may irradiate. 
[0084] 

In addition, although there is a case where the presentation ratio of the element with which an 
element moves to the amorphous layer 20, and constitutes the magnet element assembly 10 from the 
exterior in the magnet element assembly 1 0 and the amorphous layer 20 becomes less the same when 
the exposure of an atomic beam, a molecule beam, an ion beam, etc. performs amorphous-ization, a 
gap of a presentation ratio is sufficiently small even in this case, and the height of adhesion is 
demonstrated to some extent. 
[0085] 

Moreover, although chemical conversion of the surface of the amorphous layer 20 is carried out with 
the above-mentioned second operation gestalt, the laminating of resin, other metal layers, etc. may 
be carried out on the amorphous layer 20 without carrying out chemical conversion of the surface of 
the amorphous layer 20. even in this case, the conventional **** ~ it is not necessary to form the 
precise film and can form by low cost using a simple approach. 
[0086] 

Moreover, in the above-mentioned rare earth magnet, it is also possible to form an amorphous layer 
by sputtering using the target containing the ingredient of the magnet element assembly 10 etc. 
[Example] 
[0087] 

Hereafter, although an example explains this invention to a detail further, this invention is not 
limited to these examples. 
[0088] 
(Example 1) 

First, the sintered compact with the presentation of 14Nd-lDy-7B-78Fe (a figure expresses an 
atomic ratio.) produced with powder-metallurgy processing of a rectangular parallelepiped was 
prepared as a magnet element assembly, the spherical particle group of Si02 was projected to this 
magnet element assembly, and the whole surface surface was used as the amorphous layer. Spraying 
pressure of a particle was set to 0.4MPa(s) (about 4 kgffcm2), and projected a total of a 0.5kg 
particle for 30 seconds here. Thus, the rare earth magnet of an example 1 was obtained. 
[0089] 

When the cross section of the obtained rare earth magnet was observed by TEM, the thing with a 
surface contrastive with the polycrystal of a magnet element assembly been an amorphous 
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amorphous layer was checked. The thickness of this amorphous layer was 2 micrometers 
[0090] 

(Examples 2-4) 

To the surface of the amorphous layer of the rare earth magnet obtained like the example I, further, 
by performing chemical conversion, the passivation layer was formed and the rare earth magnet of' 
examples 2-4 was obtained. 
[0091] 

In the example 2, it considered as H3P04:12.5 g/L, ZnO;:1.3 g/L, NaNO3:3.0 g/L, and NaNo2:0.1 
g/L, the amorphous layer of a rare earth magnet was immersed in the phosphoric-acid zinc water 
solution which adjusted pH to 2.8 by NaOH for 2 minutes at 65 degrees C, and chemical conversion 
was performed. 
[0092] 

In the example 3, the amorphous layer of a rare earth magnet was immersed in the nitric acid of 3% 

of concentration for 2 minutes, and chemical conversion was performed 

[0093] 

In the example 4, the amorphous layer of a rare earth magnet was exposed to the pressure of 2Pa 
and the oxygen plasma by RF (13.56MHz) excitation of injection power 250W for 5 minutes at the 
time of discharge, and chemical conversion was performed 
[0094] 

(Example 1 of a comparison) 

To the magnet element assembly without an amorphous layer, oxygen tension carried out scaling 
processing for 20 minutes with the heat treatment temperature of 600 degrees C in the argon 
atmosphere which is lTorr, and made the surface of a magnet element assembly the low-grade oxide 
layer of the magnet element assembly ingredient as a protective layer 
[0095] 

(Example 2 of a comparison) 

To the front face of a magnet element assembly without an amorphous layer, the laminating of the 
protective layer made of an about 20-micrometer epoxy resin was carried out, and it considered as 
the protective layer. 
[0096] 

(Example 3 of a comparison) 

To the surface of a magnet element assembly without an amorphous layer, with the phosphoric-acid 
zinc water solution of an example 2, chemical conversion was performed and the passivation layer 
was formed. 

[0097] 

In order to investigate corrosion resistance and magnetic properties, the following evaluation 
experiments were conducted on the rare earth magnet of examples 1-4 and the examples 1-3 of a 
comparison. 

[0098] 

About the obtained rare earth magnet, the humidification elevated-temperature trial (PCT trial) of 24 
hours was performed in a steam ambient atmosphere, 120 degrees C, and two atmospheric pressures. 

[0099] 

About the rare earth magnet obtained in the examples 1-4, weight reduction before and after a PCT 
trial was not seen. Moreover, when the rare earth magnet after a PCT trial was observed visually, 
having not produced defects, such as a pinhole and a crack, was checked by the amorphous layer and 
passivation layer as a protective layer of a rare earth magnet. Furthermore, the flux loss before and 
after a PCT trial had stopped at 0.24% of measurement error range. Moreover, the residual magnetic 
flux density of the rare earth magnet after a PCT trial was 398 or more mTs 
[0100] 

On the other hand, about the rare earth magnet obtained in the examples 1-3 of a comparison, 0.3% 
or more of weight reduction was accepted. Moreover, when the rare earth magnet after a PCT trial 
was observed visually, it was observed that much fine particles have occurred on the front face 
Moreover, flux losses before and after a PCT trial were 8.4% or more and a big value. Furthermore 
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the residual magnetic flux density of the rare earth magnet after a PCT trial was 353 or less mTs. 

[Brief Description of the Drawings] 

[0101] 

[Drawing 1] The type section Fig. and drawing 2 (b) which show the manufacture approach which 
drawing 1 (a) requires for the 1 st operation gestalt are the enlarged drawing of the surface lb section 
of the magnet element assembly 10 of drawing 1 (a). 

[Drawing 2] Drawing 2 is a mimetic diagram following drawing 1 (a) which shows the manufacture 
approach of the 1st operation gestalt. 

[Drawing 3] Drawing 3 is the expanded sectional view of the III section of drawing 2 . 
[Drawin g 4] The perspective view and drawing 4 (b) which show the rare earth magnet which 
drawing 4 (a) requires for the 1st operation gestalt are the IVb-IVb view Fig. of drawing 4 (a). 
[Drawing 5] It is the outline sectional view showing the rare earth magnet of the 2nd operation 
gestalt of this invention. 

[Drawing 6] It is the table showing the PTC test result of the rare earth magnet of examples 1-4 and 
the examples 1-3 of a comparison. 
[Description of Notations] 
[0102] 

10 [ - A particle group, 100,200 / - Rare earth magnet. ] ~ A magnet element assembly, 20 - An 
amorphous layer, 30 — A passivation layer, 80 

[Translation done.] 
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